S.1. Thermal/Optical Carbon Analysis Procedure
Figure S-1 shows the sequence of steps for processing of quartz-fiber filters used for carbon analysis (DRI, 2012) . Chain-of-custody procedures and data management systems record the disposition of filters at each stage of analysis and storage. An analysis list is prepared prior to carbon analyses, and a small batch of samples is transferred from the archive to a laboratory refrigerator prior to analyses. Records of system calibration results, comparisons to standard solutions, traceability of calibration standards to nationally recognized primary standards, acceptance testing results, and thermograms for individual samples are retained and made available to auditors and other interested parties when needed to evaluate the measurement process and to explain potentially anomalies found by data users.. response is normalized to a reference CH 4 bolus injected at the end of each sample analysis, and the variability of this response is kept within pre-set tolerances.
Performance tests of each instrument's calibration are conducted at the beginning and end of each day's operation. Intervening samples are re-analyzed when calibration changes of more than ±10% are observed. Known amounts of American Chemical Society (ACS)-certified reagent grade crystal sucrose and KHP are analyzed to verify the OC fractions. Fifteen different standards are used for each calibration. At least 10% of the samples are analyzed in replicate to control the analyses and replicate punches are analyzed on an instrument chosen at random.
Other tests conducted at the beginning of each analysis day include a system blank check, a leak check, and a laser performance check.
Temperature calibrations are conducted every six months, or whenever the thermocouple is replaced, using temperature-indicating materials (Templar  G, Temple Inc., South Plainfield, NJ). A Templar  G set consists of chemicals that change their appearance at a specific temperature (rated temperature). A thin layer (~25 µL) of Templar  G is uniformly applied onto a glass or quartz disk surface and covered with a sliced quartz-fiber filter punch. When the specified temperature is reached, the appearance of the sample changes, as evidenced by R and T, and by which the deviation between measured (thermocouple) and sample temperatures can be determined (Chow et al., 2005) . Triplicate tests are made at 121, 184, 253, 510, 704, and 816 °C to obtain the calibration slope and intercept, which are then fed back into the temperature control program. This procedure ensures that each sample experiences a temperature plateau specified by the protocol. A significant change in calibration slope and intercept also triggers inspection for possible hardware problems. Panteliadis et al.'s (2014) recent interlaboratory comparison demonstrates the importance of calibrating for the sample temperature, not just the temperature at the sample location.
Seventeen different laboratories equipped with similar instrumentation followed similar calibration procedures, including those for temperature (Phuah et al., 2009) . For EC, the standard deviation among laboratories was 25.5% for the NIOSH870 and 19.5% for the EUSSAR2 protocols. Part of the discrepancy was attributed to O 2 infiltration into the inert helium (He) atmosphere in these units. Oxygen (O 2 ) measurements are performed with an external gas chromatography/mass spectrometer (GC/MS) every 6 months to monitor trace O 2 levels that may trigger EC or optical pyrolysis (OP) oxidation and bias the OC/EC split.
Concentrations for each carbon fraction (c fraction ) are reported for each filter by normalizing the area of the sample punch (0.5 cm 2 ) to the exposed area of the filter, which depends on the open face of the filter holder (nominally 3.8 cm 2 for the URG 3000N 25 mm filter holder, 11.8 cm 2 for the FRM 47 mm filter holder, and 13.8 cm 2 for the Nuclepore 47 mm filter holder). The exposed area should be measured periodically to assure that accurate values are used.
Analysis precisions (Watson et al., 2001) are calculated for different concentration intervals as:
( 2) where: CV = coefficient of variation for each carbon fraction N = number of samples c i = concentration of initial analysis for each carbon fraction c i,r = concentration of sample "i" replicate analysis for each carbon fraction MDL = minimum detection limit (3 standard errors [3σ] of laboratory blanks) for each carbon fraction σ cfraction = precision of c fraction Data are transmitted to the master data base in any specified format, which usually includes a separate record for each sample with the sample ID, filter lot number, analysis date, validation flags, values of carbon fractions (µgC/filter), precision for each fraction, and initial, minimum, and final R and T values. These are associated with field data, such as sample volume, through the sample ID for a final output in µg/m 3 . It is at this stage that field blank values are subtracted and the errors propagated according to:
(3)
where: C fraction = concentration of carbon fraction (µg/m 3 ) c fraction = carbon fraction concentration (µg/filter) b fraction = average concentration of field blanks (µg/filter) σ cfraction = precision of c fraction (µg/filter) σ bfraction = standard deviation of field blanks V = sample volume (m 3 ) from sampling unit, actual atmospheric conditions σ V = precision of sample volume (m 3 ) 
Reflectance and Transmittance Calibration

Equivalence between Model 2001 and Model 2015 Carbon Fractions
The sample presentation, heating oven, and optical measurements are nearly identical for Major components of a carbon analysis: 1) removing a sample from the laboratory refrigerator; 2) scanning the laboratory code and initializing the analyzer; 3) removing a 0.5 cm 2 punch from the filter-three such punches are available, thereby permitting replicate analyses on a randomly-selected analyzer; 4) placing the punch into the quartz sampling boat (the thermocouple/pushrod precisely positions the sample in the analysis zone); 5) placing the analyzed punch on the thermogram (the analyzed punch may have a red or yellow hue when minerals are abundant); and 6) inspecting the results and entering analysis validation flags. Procedure for calibrating quartz-fiber transfer standards for R and T: 1) sample filter holder, transfer standard, and forceps for handling filter with gloved hands in a laminar flow hood; 2) transfer standard in a custom filter cassette designed to minimize distance between the filter and the integrating sphere inlet; 3) filter cassette in standard Lambda 35 sample holder (a UV/VIS Spectrometer, PerkinElmer, Waltham, MA); 4) scan across wavelengths for 100% T with beam unblocked and Spectralon reflectance standard (Labsphere, 2000) ; 5) scan across wavelengths for 0% T with beam blocked; 6) insert filter with deposit toward beam (to mimic Model 2015 optical configuration) and scan across wavelengths for measurement; 7) scan across wavelengths for 100% R with beam unblocked and Spectralon reflectance standard (Labsphere, 2000) ; 8) scan across wavelengths for 0% R with beam blocked; and 9) insert filter with deposit toward beam (to mimic Model 2015 optical configuration) and scan across wavelengths for measurement. 
